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Elements of Static Strength 


with a symmetrically placed circular hole for which K = 3 under uniaxial tension. 
This is a remarkable result considering that Eq. (9.3) was derived 75 years ago. 
What is even more remarkable that about the same time Kirsch in Germany and 
Kolosoff in Russia made similar predictions and yet little notice was taken of these 
results in shipbuilding and other industries where the stress failures appeared to be 
more frequent. 

While the Inglis formula planted some interesting ideas in the minds of engi¬ 
neers it became necessary to invoke the principles of ductile response in the face of 
disturbing theoretical results derived from the purely elastic considerations. This 
process has led to the development of a plastic reduction procedure [30, 254] for the 
elastic stress factors. It became obvious that in the case of a truly ductile material 
under static loading the conventional elastic factor should be modified with the aid 
of the appropriate stress-strain diagram of the material [29]. One of the simplest 
approaches to the correction of any type of elastic stress concentration factor [265] 
is as follows: 

K p = l + (K-l)(j^) (9.4) 

Here E s is the secant modulus of the material in the vicinity of the discontinuity 
(crack, notch, hole, etc.) while E denotes the well-known modulus of elasticity. For 
the case of a circular hole in a wide plate Eq. (9.4) yields 

A' P = 1 + 2 (f) (9-5) 

This method provides the opportunity for rounding off the calculated higher peaks 
of the elastic stresses and in this manner assuring a more reasonable value of the 
design stress factor. The magnitude of the plastic stress concentration factor de¬ 
pends then on the shape of the stress-strain curve while the conventional K factor 
is a function of the geometry of the part alone. 

It should be stated in closing that stress concentrations in general are virtually 
inevitable in real structures and machines due to the presence of grooves, fillets, 
holes, threads, and similar discontinuities. The worst situations, of course, include 
machining errors, gravel nicks, nonmetallic inclusions, and microvoids, which may 
be difficult or even impossible to detect. The stress intensities due to the cracks 
in inherently brittle materials and some of the ductile materials displaying brittle 
behavior under specific environmental conditions are further subject to fracture 
mechanics control, discussed in Chaps. 14 and 15. 


SYMBOLS 

b Width of rectangular bar and diameter of round bar, in. (mm) 
d Diameter of bolt or rivet hole, in. (mm) 

e Hole-to-edge distance, groove-to-bar center distance, in. (mm) 
E Modulus of elasticity, psi (N/mm 2 ) 

E s Secant modulus, psi (N/mm 2 ) 



